A series o f Pseudomonas species -the so-called fluorescent group -produces peptidic sidero phores when grown in an iron-deficient medium. They all contain (1 S)-5-amino-2,3-dihydro-8,9-dihydroxy-1 H-pyrimido[ 1,2-a]quinoline-1 -carboxylic acid (la) [3] or its dihydro derivative as a chrom o phore. The amino group is amidically bound to a small dicarboxylic acid (usually several pyoverdins differing only in the nature of the latter can be found to co-occur) while the carboxylic group is linked to a peptide residue (not necessarily via its N-terminus). Pyoverdins produced by the various Pseudomonas species or even subspecies usually differ in the peptidic part of the molecule. By now the isolation o f about 20 pyoverdins with different peptidic portions has been described [5] , but for only six of them (not counting variations in the na ture of the dicarboxylic acid) the structure has been determined by spectroscopic and chemical methods (three from Ps. sp. [6] [7] [8] 
A series o f Pseudomonas species -the so-called fluorescent group -produces peptidic sidero phores when grown in an iron-deficient medium. They all contain (1 S)-5-amino-2,3-dihydro-8,9-dihydroxy-1 H-pyrimido[ 1,2-a]quinoline-1 -carboxylic acid (la) [3] or its dihydro derivative as a chrom o phore. The amino group is amidically bound to a small dicarboxylic acid (usually several pyoverdins differing only in the nature of the latter can be found to co-occur) while the carboxylic group is linked to a peptide residue (not necessarily via its N-terminus). Pyoverdins produced by the various Pseudomonas species or even subspecies usually differ in the peptidic part of the molecule. By now the isolation o f about 20 pyoverdins with different peptidic portions has been described [5] , but for only six of them (not counting variations in the na ture of the dicarboxylic acid) the structure has been determined by spectroscopic and chemical methods (three from Ps. sp. [6] [7] [8] , one from Ps. fluorescens [4] , and two from Ps. aeruginosa [2, 29] ).
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The catecholic moiety of la is one of the binding sites for Fe3+. The other two are located in the pep tidic part (a-hydroxycarboxylic or hydroxamic acids). One of the functions of the amino acid se quence is to keep the three binding sites in an opti mal position for the complexation of Fe3+. How ever, it is responsible also for the recognition by the bacterial cell surface o f the "proper" siderophore. Cross-feeding experiments have shown that in most cases a specific bacterial strain accepts only the siderophores produced by itself [9, 10] , The first step towards an understanding of these two functions is to learn more about the variability of the peptidic portion of the pyoverdins. This will allow eventually to understand the recognition mechanism which possibly can be used to trans port other substances into the cell.
In this paper the structure elucidation of two pyoverdins (GM -I, 2 and GM -II, 3) differing in the acid side chain (succinamido and succinic acid) will be described.
From the culture medium of Pseudomonas fluo rescens (strain ii) grown under iron deficiency two fluorescent siderophores could be isolated in form of their Fe3+ complexes by a procedure de scribed earlier [11] . After separation by ion ex change chrom atography (DEAE sephadex with aqueous pyridinium acetate buffer as eluant) the two main fractions were subjected to decomplexation with 8-hydroxyquinoline [12] and to further purification by chrom atography on bio-gel P-2. Purity control was achieved by HPLC on polygosil 6 0 -C 1 8 (7 /4
Characterization of the Pyoverdins 2 and 3
The physical data may be found in Table I . The U V /V IS spectral behavior corresponds to the liter ature [12] : The single maximum of the free com pounds (400 nm) at neutral pH is changed to a double maximum at shorter wave lengths in an acidic medium. The reddish-brown aqueous solu tions of the Fe3+ complexes show in addition to the absorption maximum at 400 nm two additional broad charge transfer bands at 470 and 550 nm (pH between 3 and 7).
The electrophoretic measurement (cf. [2] and [4] ) gave the following picture: Fe3+-2 is neutral be tween pH 6.5 and 3.0 while Fe3+-3 carries a single negative charge at pH 6.5 (mobility 0.21 deter mined [13] relative to aspartic acid) stemming from a COOH-group with pKc/ between 4 and 5 (almost complete protonation at pH 3). This behavior is paralleled by the free ligands 2 and 3 which show a somewhat higher mobility in toto caused by the presence of the uncomplexed OH-groups (Fe3+ being replaced by 4 H +). The mobility is increased further at pH 1.9 from which the presence of a strongly acidic COOH-group (pK a between 2 and 3) in the peptide moiety can be deduced.
FAB mass spectra. The masses of the [M + H]+-ions o f 2 and 3 and their Fe3+ complexes differ by 53 u (+ 56Fe -3'H ).
2 and 3 yield the typical fragment formed by retro-Diels-Alder degradation of the saturated ring of the chrom ophore (m /z 1128) which results in a loss of its arom atic part together with the acid resi dues thus indicating that 2 and 3 differ only in the nature of the latter [2, 4, 14] , For an analysis o f the amino acids the Fe3+ com plexes of 2 and 3 were hydrolyzed with 6 N HI or 6 N HC1 for 21 h at 110 °C. Prior to the HC1 hy drolysis remaining Fe3+ was removed by extrac tion with ether. The amino acids thus obtained were identified by GC/M S and quantitated by GC of their N-trifluoroacetyl «-butylesters (TAB deriv atives) [15] . Their configurations were determined by GC of the N-trifluoroacety 1 isopropylester deriv atives after complete HI hydrolysis (in order to transform (HO)Orn into Orn) using a chiral capil lary column (Chirasil-Val®) and co-injection of a standard solution (/?-hydroxy-Asp which does not give a sharp G C peak after TAB derivatization was transform ed into N-trifluoroacetyl-L-Pro-/?-hydroxy-Asp; the diasteromers of this dipeptide can be distinguished unambiguously by GC). The results were the same for 2 and 3: The complex constants (to be found in Table II ) have been determined by following the change of the extinction at 450 nm after addition o f ethylenediamine tetraacetic acid (EDTA) [16] . They are comparable to those determined for the pyoverdins C, D and E [2] , viz. 6.34, 6.47 and 6.59-10"18 (pH 5.0) and 2.03, 2.15 and 2.18 -10"25 (pH 7.0) [17] . N M R spectroscopy. Fig. 1 shows the 300 M Hz 'H N M R spectrum o f 3. The complete assignment of the 'H and 13C signals is based on 2D -D EPT-COSY experiments, literature data [2, 11, 18, 19] , the pH-dependance of the chemical shifts and a com parison with derivatives where (OH )Orn had been reduced to Orn and where the cyclopeptidic ring had been opened. Couplings in the 'H N M R spectrum have been verified by double resonance experiments.
Structure Elucidation
The structure of the chromophore la (obtained both from 2 and 3 by hydrolysis) was determined by comparison o f the N M R spectra o f its hydro lysis product lb [30] with those o f authentic m ate rial [4, 11] . lb obtained from 2 and 3 and from pseudobactin [30] show identical CD spectra. As the absolute configuration of the latter has been determined by X-ray analysis [6] S-configuration at C-l follows also for 2 and 3 [3] . The presence of a succinamide side chain linked to the amino group of 1 in pyoverdin GM -I (2) and o f a succinic acid side chain in the case of G M -II (3) was ascer tained as described for the pyoverdins E and D [11] and for the pyoverdins III and II [4] questions regarding the peptide part of the mole cule will be treated in detail: (a) the presence of a hydroxamic acid unit, (b) the nature of the addi tional ester or amide bond resulting in a cyclic sub structure, (c) the nature of the additional function alities of the polyfunctional amino acids (OH)Asp, Glu, Lys and Ser (free or derivatized), and (d) the sequence of the amino acids.
Ad (a) and (b). The following experiments dem onstrate the presence of a hydroxamic acid unit in 2 and 3. (i) Hydroxamic acids can be reduced to the corresponding amides under very mild condi tions with TiCl3 [20, 21] . Treatm ent of 2 and 3 with this reagent results in the removal of one hydroxyl group as evidenced by the molecular masses of deoxy-2 (7) and deoxy-3 (8) (by 16 amu lower than those of 2 and 3, resp., as determined by FAB- thus formed can be reduced readily (5) as can be seen from the corresponding FAB mass spectra. Again, after HC1 hydrolysis Orn (rather than (HO)Orn) is obtained. These experiments dem on strate unambiguously that the <S-NOH group of Orn does not exist in its free form; it rather is part of a hydroxamic acid unit. Since the hydrolysis product 4 still contained all the amino acids of 3 the amide bond resulting in the form ation of the hydroxamic acid moiety must be part of the cyclic substructure of 3.
The experimental results just mentioned show that the amide linkage originating from the (5-hydroxyamino group of (HO)Orn belongs to the cyclic substructure of 3, but they do not identify the carboxyl group involved which may be any of the twelve amino acids present in the molecule in cluding that of Orn itself. T hat a 3-aminopiperidone ring is actually present in 2 and 3 could be shown by two different routes: (i) Desoxy-2 and 3 (7 and 8) as obtained by TiCl3 reduction (see above) were partially hydrolyzed with 6 N HC1 (90 °C, 10 min). The reaction products were derivatized with dansyl chloride [22] and separated by reversed phase HPLC. It is im portant to chose a suitable pH to avoid overlapping of the fractions since the retention times of the various com po nents depend very much on the pH of the solution. 3-Dansylamino piperidone 9 was identified by the HPLC retention time (co-injection of authentic material), the mass of its [M + H ]+ (m /z 348) as de termined by FAB-MS, hydrolysis to give 2-N-dansyl-Orn and transform ation of the latter into 2-N,5-N-didansyl-Orn (both identified by com par ison with authentic material). The possibility that the 3-amino-piperidone ring in 8 could be an arte fact formed by cyclization after removal of the N-hydroxy group was excluded in the following way: After hydrolysis of 5 and subsequent dansy- The presence of a C-terminal N 5-hydroxy-piperidone ring is evidenced also by the appropriate changes of the 'H N M R spectra when going from 3 to its deoxy derivative 8 and to the hydrolysis product 5 which have been substantiated by de coupling experiments. M ost evident are the effects observed for the a protons (Table VI) . In an analogous m anner one observes a pronounced high-field shift in the 13C N M R spectra of 8 and 5 as com pared with 3, while down-field shifts are ob served for the CO resonances when going from 3 to 8 and further to 5 (pH dependence can be noted for the free carboxyl group of 5) (Table VII) . That the COOH group of Orn in 5 is free can also be de duced from the pH dependance of the a-CH-signal in the 'H N M R spectrum.
Ad (c). tide bonds may be present in pyoverdins the free functionalities must be characterized independent lyThe presence of a free hydroxyl group of Ser could be dem onstrated (i) by com parison o f the proton shifts in the 'H N M R spectra with litera ture values for esterified Ser in pseudobactin 7 SR 1 [7] and of Thr in pyoverdin I -III [4] , (ii) the absence of an ester band in the IR spectrum, and (iii) the stability of 2 and 3 towards reduction with N aBH 4 in C H 30 H /H 20 (cf. [4] ). That the /?-carboxyl group of /?-O H -A sp is free follows from the pH-dependance o f the /?-CH-signal in the 'H N M R spectrum: A change from pH 3 to pH 1 (0.2 N DCI) (-C O O " COOH) results in a downfield shift by 0.32 ppm while the a-CH-signal is shifted only by 0.18 ppm. That the /?-OH-group is free could be dem onstrated in the same way as described above for Ser. From the dansylation ex periments it follows that the ct-NH2 group of /?-O H -A sp is substituted.
In order to dem onstrate the presence of a free e-amino group o f Lys 2 and 3 were treated with dansyl chloride and hydrolyzed with HC1 subse quently. By R P-H PLC (Polygosil 60-C18) and com parison with a standard mixture o f dansylated amino acids e-D N S -L y s could be detected as the only dansyl derivative o f Lys.
The presence o f Gin (rather than /-Gin, i.e., in corporation of Glu into the peptide chain by its arather than its y-COOH group, see Scheme 2) could be established in the following way: It follows from the molecular masses of 2 and 3 and from their electrophoretic mobilities (v. supra) that both carboxyl groups of Glu have to be present in the form of their amides. In order to differentiate between a Gin and a /-Gln-structure 3 was subject ed to a Hofm ann degradation (using [bis(trifluoro- To confirm this result 8 (desoxy-3) was subject ed to a Hofm ann degradation. In contrast to the experiment just described the reduction product was hydrolized with HC1 first and then dansylated. No D N S -G lu , but di-2,4-dansylamino butyric acid could be detected chromatographically. In the case of the presence o f /-Gin Hofm ann degrada tion would have given 4-oxo-butyric acid (12) or its decomposition products, but no derivative con taining a free amino group amenable to dansyla tion.
In addition to e-D N S -L ys and to 10 varying am ounts of D N S-/?-A la were obtained always after Hofmann degradation of 3 (a chrom ato graphic differentiation between D N S-/?-A la and DNS -Ala is possible only at low pH values), while 2 gave additional l,2-bis(dansylamino)-ethane. Apparently, the succinic acid (3) and the succinamide side chain (2) are cleaved hydro lytically from the chrom ophore (cf. the trans form ation la -»• lb mentioned above) yielding H2N -C O -C H 2-C H 2COOH and H 2N -C O -C H 2CH2-C O N H 2, resp., which un dergo Hofm ann degradation.
Ad (d). The amino acid sequence of the pyover dins G M -I (2) and -II (3) cannot be established by conventional methods. Neither the N-terminus nor the C-terminus are free, and attem pts for enzy matic cleavages failed because of the large number of D-am ino acids present. Ring-opened deoxy-3 (5) has a free C-terminus (Orn), but C-terminal degradation methods fail with this amino acid [24] , Preliminary inform ation regarding the amino acid sequence can be obtained from the PI-FAB spectrum of 2 (see Table VIII ). Fragm ents still containing the (charge stabilizing) chrom ophore prevail. However, several ions were of low abun dance and hence could not be identified unam biguously. In addition, the mass spectrum does not tell anything regarding the distribution of the Dand L -A la 's in the peptide chain. The method of choice was, therefore, a com bination of partial hydrolysis with subsequent dansylation (in order to identify free amino groups) and chrom ato graphic isolation and purification of the various hydrolysis products which were then subjected to FAB-M S and amino acid analysis.
F or a characterization of the N-terminal por tion o f the peptide chain 2 was treated with 6 N HC1 at 90 °C for different periods of time (5 to 30 min). Adsorption of the hydrolysates on SepPak RP-18 yielded two fractions in each case: Spe cies which still contained the chrom ophore ("chrom ophore peptides") were retained on the column. The mixture of chrom ophore peptides ob tained after a 10 min hydrolysis was separated p ar tially by chrom atography on Bio-Gel P-2 with 0.1 N C H 3COOH. The various com ponents could finally be obtained in pure form by RP-HPLC (eluent 5% C H 3CN in an aqueous acetate buffer, pH 4.0 containing 1 mmol EDTA for removal of traces of Fe3+). FAB-MS and quantitative analysis of the am ino acids after total hydrolysis allowed to identify the hydrolysis products mentioned in T a ble IX. Loss of H-,0 in 4 cases is the result of a cyclization of succinamide giving succinimide [2] (c f also above). Chrom ophore peptides contain ing more than 4 amino acids could not be detected even after mild hydrolysis. The chirality of Ala contained in the fragment C h r-A la could be de termined as D by the method mentioned previous ly. From these experiments the partial sequence
S u c -C h r -D -A la -D -L y s -G ly -G ly
can be deduced. To establish the amino acid sequence of the C-terminal portion of the peptide chain 8 was subjected to a partial hydrolysis (see Exp. Part,
Table IX. [M + H]+ ions o f the chromopeptides obtained after partial hydrolysis o f 3 as determined by PI-FABM S.

m /z Product
S u c -C h r -A la -L y s -G ly -G ly 671 S u c -C h r -A la -L y s -G ly -G ly -H20 589 C h r -A la -L y s -G ly -G ly 632 S u c -C h r -A la -L y s -G ly 614 S u c -C h r -A la -L y s -G ly -H 20 532 C h r -A la -L y s-G ly 575 S u c -C h r -A la -Lys 557 S u c -C h r -A la -L y s -H^O 475 C h r -A la -L y s 447 S u c -C h r -A la 429 S u c -C h r -A la -H^O 347 C h r -D -A la "
method A) and the reaction mixture was dansylated. By RP-HPLC 13 fractions were obtained (see Fig. 3 ). The fractions 1 to 12 contained monodansyl peptides, fraction 13 consisted o f a mixture of multiply dansylated com pounds which were dis carded. Several of the fractions 1 to 12 were still mixtures which could, however, be separated by varying the pH of the eluent. The various com pounds thus obtained (see Table X) were charac terized by FAB-MS and by a quantitative amino acid analysis according to the following scheme: (i) A part of each peptide was hydrolized com pletely. The N-terminal amino acid (present in form of its dansyl derivative) was identified by RP-HPLC (comparison o f the retention time with authentic material); (ii) another part was dansylated after complete hydrolysis, the dansyl amino acid thus obtained were identified by RP-HPLC (this method is at least 10 times more sensitive then amino acid analysis by GC -v. supra); (iii) the peptides from fractions 4 and 5 which contained 1 to 4 Ala were transform ed into their trifluoroacetylamino isopropyl ester derivatives after complete hydrolysis; GC-analysis with a C hirasil-L -V al capillary column allowed to establish the chirality of the 4 A la's and thus the C-terminal sequence
S e r -L -A la -D -A la -D -A l a -L -A l a -c -L -O r n
Even after mild partial hydrolysis no peptides could be obtained which contained Glu and/or //-O H -A sp . An appreciable am ount of D N S -(OH)Asp was found in fraction 1. Apparently hy drolytic cleavage next to this amino acid is more facile than that of any other amide bond. It is un derstandable that com pounds possessing an N-terminal Glu may not be detected if one con siders that Glu can be transformed during hydro lysis into pyro-Glu which does not have anym ore a free amino acid amenable to dansylation. To obtain information regarding the middle part of the peptide chain Gin was transform ed into 2,4-diaminobutyric acid (Dbu) by Hofm ann deg radation of 3 with TI B as described above (Scheme 2). The free amino groups (e-Lys and y-Dbu) were dansylated (see Exp. Part, method B). Partial hy drolysis (3N HC1, 90 C, 10 min) and subsequent separation by RP-HPLC yielded several fractions. FAB-MS indicated that fractions 2 and 3 con tained peptides comprising y -D N S -D bu. The components of these two fractions were obtained in pure form by repeated RP-HPLC and were an a lyzed as described above for the C-terminal pep tides (see Table XI 
N S -G ly 481 D N S -S e r -L -A la -D -A la 552 D N S -S e r -L -A l a -D -A l a -D -A l a 623 D N S -S e r -L -A l a -D -A l a -D -A l a -L -A la
N M R spectroscopy
'H and l3C spectra were measured with a Bruker AM 300 instrum ent. For 'H spectra 10 mg, for 13C spectra 3 0 -7 0 mg substance were dissolved in 0.4 ml D 20 containing 40 mmol phosphate buffer pH 3.0 or 6.8. Chemical shifts are quoted relative to DSS: <5(DSS) 0.0 ppm for 1H, -1.61 ppm [4] for 13C. Heteronuclear shift correlations for '/(C H ) couplings were determined by a 2D-DEPT-COSY experiment with a puls sequence (tt/2, 'H ) -( r ) -(7r, 'H ; jt/2, l3C ) -( r ) -( t,) -( ! t , l3C ) -( t,) -( 0 , 'H ) -( r ) -(BB, 'H ; FID , t2). 512 increments with 2048 data points each were collected. The spectral width for F, was 1200 Hz, that of F2 12820 Hz. r = 3 ms, 6 = 135 , t2 = 2 s. Prior to the Fourier-transform ation the data from F, were multiplied with a LorentzGauss function, those from F 2 with a sine-bell shifted by 7r/10. Sample: 230 mg 3 in 0.4 ml D 20 (phosphate buffer, pH 3.0).
Gas chromatography
A Carlo Erba H R G C 4160 with FID detector and (for quantitative evaluation) with a Shimadzu C hrom atopac C-R 3 A integrator was used.
H P L C
The following equipm ent supplied by Knauer (Bad Hom burg) was used: 2 pumps type 64.00, dy namic mixing cham ber, high tem perature oven, UV filter photom eter 730.00. Registration and evaluation of the chrom atogram s was effected with the C hrom star software from Bruker-Franzen Analytik (Karlsruhe).
Chemicals
Pyridin was distilled from chlorosulfonic acid (5 ml/1), kept over K O H for 3 days, redistilled and stored at 5 °C protected from moisture. HI (ca. 56%) was heated to its Bp, then aqueous H 3P 0 2 (50%) was added, HI was distilled off and redis tilled twice under N 2. The product thus obtained (56.7% ^ 7.6 N, Bp 127 °C) was kept at 5 °C under Nn and diluted to 6N immediately before use. 
Culture o f Pseudomonas fluorescens ii
The strain was grown in 10 1 cultures which were shaken and aerated with sterilized air (3 1 
Isolation o f the pyoverdins
At the end of the stationary phase of the bacteri al growth 10 g Fe(III) citrate were added to the culture medium and the pH was adjusted to 5.0 with 6N HCI. The bacterium cells were removed by tangential filtration and the filtrate was brought onto a column (10x50 cm) filled with XAD-4 resin. Inorganic material including excess Fe(III) citrate was removed by washing with 4 1 H 20 . Subsequently the Fe(III)-pyoverdins were desorbed with 41 acetone/H 20 (4:6). The eluate was brought to dryness i.v. and kept at -2 5 °C protected from moisture. Yield 4 -6 g/10 1 culture. 0 .5 -1 g portions o f the extract were chrom ato graphed on DEAE-Sephadex (1.5 x 9 cm) with 0.2 M pyridinium acetate buffer (pH 4.9; linear flow rate 28 cm/h). The eluate was rechrom ato graphed on DEAE-Sephadex (2.6 x 30 cm) with the following pyridinium acetate (pH 4.9) eluent sys tem: 0.02 M isocratic for 0.5 h, then 0 .0 2 -0 .2 M for 2 h, 0 .2 -1 .0 M for 1 h and finally 1.0 M iso cratic for 2.5 h. The elution of the pyoverdins was m onitored at 405 and 510 nm. In this way 9 frac tions were obtained. Fraction 3 and fraction 8 con tained the main com ponents (Fe-2, 55%, and Fe-3, 35% by weight, resp.). The other fractions did not show the typical UV/VIS-absorptions. The Fe(III)-pyoverdins were further purified by re chrom atography on DEAE-Sephadex with pyri dinium acetate buffer (pH 4.9; linear gradient 0.0 2 -1.0 M) and on Bio-Gel with pyridinium ace tate buffer (pH 6.5; 0.2 M). The eluates were brought to dryness i.v. at 3 0 -3 5 °C and kept at -2 5 C protected from moisture. Decomplexation was achieved as described in Refs. [4, 11] , Q uanti tative amino acid analysis and identification of succinic acid and of succinamide bound amidically to the chrom ophore was effected as described in Refs. [4, 11] .
Absolute configuration o f the amino acids 0.5 mg of 2 and 3, resp., were hydrolyzed with 6N HI for 21 h at 110°C. The hydrolysate was evaporated to dryness and treated with isopropanol/acetyl chloride (10:1 v/v) for 1 h at 110 C. The mixture was brought to dryness i. v. Excess re agent was removed by addition of twice 0.1 ml CH 2C12 and evaporation to dryness. The residue was treated with 0.5 ml C H 2C12 containing 0.15 ml trifluoracetic anhydride for 5 min at 150 C. After evaporation to dryness i.v. the mixture was dis solved in 0.1 ml C H 2C12 and subjected to GC anal ysis on a C hirasil-L-V al column. Identification of the various components was effected by co injection of a standard mixture o f racemic ami no acids derivatized in the same way. For (OH)Asp a different method had to be used: After hydrolysis with 6N HCI (otherwise as described above) the dry hydrolysate was dissolved in 1 ml CH 3OH/acetyl chloride (10:1, v/v) and heated for 1 h to 100 °C. After evaporation to dryness i.v. the residue was dissolved in 1 ml C H 2C12 and treated for 1 h at room tem perature with 0.25 ml of a 0.1 m olar solution of N-trifluoracetylprolyl chloride in C H 2C12. The pH was kept between 10 and 12 by addition of triethylamine. After evaporation to dryness the residue was dissolved in 0.1 ml C H 2C12 and subjected to GC analysis. Table II) A buffered solution of Fe(III)-2 or 3 (0.18 //mol (ml) was treated with increasing am ounts of EDTA (9-100 mmol/ml) and kept at room tem perature until the equilibrium was reached. The equilibrium concentration of the pyoverdins was determined by measuring the extinction at 450 nm. (8, 9) Bufferd TiCl3 solution (pH 2.1) was prepared by dissolving 0.96 g citric acid and 0.4 g NaOH in 10 ml H 20 and adding 1. obtained from 10 mg 3 as described above were added to a suspension of 10 mg PtO-, in 4 ml 1 N CHjCO OH (treated with H 2 for 1 h at 25 °C) and hydrogenated for 15 h. After removal of the catalyst the product was chrom atographed on CM-cellulose with 0.01 M pyridinium acetate buf fer (pH 4.9) and purified by HPLC on Polygosil 6 0 -C 18 (7//) (eluent as above). Inorganic material was removed by chrom atography on Bio-Gel P-2 with 0.1N C H 3COOH. For N M R 5 was trans formed into its chloride by ion exchange on DEAE-Sephadex. Yield: 2 -3 mg.
Complex constants (see
Desoxy pyoverdins
Chromophor peptides
10 mg 3 were hydrolyzed with 5 ml 6N HC1 for 10 min at 90 C. After evaporation to dryness i.v. the residue was dissolved in 1 ml 0.1 N C H 3COOH and chrom atographed on Bio-Gel P-2 with 0.1N C H 3COOH. Separation was followed at 205, 254 and 360 nm. The various fractions were brought to dryness i.v. and subsequently further separated by R P-HPLC (Polygosil 6 0 -C 1 8 , eluent 5% C H 3CN + 1 mM EDTA in an acetate buffer pH 4.0). The HPLC fractions were adsorbed on SepPak RP-18, washed with 5 ml 0.1N C H 3COOH and desorbed with C H 3CN/HX>/CH3COOH (10:10:1; v/v).
Dansyl peptides
M ethod A. 2 mg 8 were partially hydrolyzed with 1 ml 6N HC1 for 10 min at 90 °C. After evap oration to dryness i.v. for a complete removal of HC1 0.05 ml H 20 were added and distilled off again. The residue was dissolved in 16 ml 40 mM Li2C 0 3 buffer (pH 9.5) and treated with 8 ml of a solution of dansyl chloride in C H 3CN (1.5 mg/ml) and kept protected from light for 15 h at room temperature. To remove excess dansyl chloride 0.4 ml of a 2% aqueous solution of ethylamine were added. After 15 min 0.2 ml formic acid were added and the solution was evaporated to dryness 1. v. 
